Reproductive Disorders among Hairdressers
Wendy M . Kersemaekers, Nel Roeleveld, and Gerhard A . Zielhuis To evaluate whether hairdressers have an increased risk of reproductive disorders, we conducted a historical cohort study in the Netherlands. Because exposure to reproduction toxic agents in hair salons may have changed over time, we studied two specific periods: conceptions in 1986-1988 and in 1991-1993. We ascertained 9,000 hairdressers and, as a comparison group, 9,000 clothing salesclerks from their respective trade associations, All were of reproductive age in the defined study periods. Frequency matching on 5-year age groups ensured comparability with regard to age. All women were approached by mail to complete a short, self-administered questionnaire on reproductive history, including questions on time-to-preg' nancy, spontaneous abortion, livebirths, and congenital mab Keywords: occupation, hairdressers, reproduction.
formations. In the analyses, we used random effect models to account for correlated outcomes (multiple pregnancies per woman). The results show that hairdressers who conceived in 1986-1988 had an increased risk of prolonged time'to-pregnancy of more than 1 2 months [odds ratio (OR) = 1.5; 95% confidence interval (Cl) = 0.8-1.6], spontaneous abortion (OR = 1.6 ; 95% Cl = 1.0-2.4), and a low-birthweight infant (OR = 1.5; 95% Cl = 0.7-3.1 ). In both periods, more major malformations occurred among children of hairdressers, but numbers were small These results indicate an increase in reproductive risks for hairdressers in earlier years that now seems to be disappearing. (Epidemiology 1997; 8:396-401) Hairdressers constitute a major occupational group of female workers who sustain chemical exposures at child bearing age. Although hairdressers are exposed to several agents potentially toxic to reproduction, such as solvents and dye formulations, few human data are available regarding their reproductive risks. 1 Two epidemiologic studies that focused on hairdressers have shown increased risks of menstrual disorders2 and spontaneous abortion. 3 In a case-control study on mental retardation and parental occupation, an in creased risk was found for mental retardation among the offspring of hairdressers.4 Other studies reporting on reproductive risks among hairdressers did not find in creased risks.5-7 The main methodologic shortcomings in these studies are small numbers of hairdressers and misclassification of exposure. Work conditions may vary over time and from place to place. Therefore, apparently identical job characteristics may, in fact, entail different reproductive risks. For example, the use of some potentially toxic agents, such as dye formulations and dichloromethane, has recently (1.990) been banned or limited in some countries (including the United States and several European countries).8 Furthermore, in recent years, increasing attention has been paid to working conditions such as ventilation and the use of gloves. For these reasons, reproductive risks that were present in earlier years might have diminished or disappeared.1 Furthermore, many studies focused on one specific re productive outcome, thereby potentially missing other effects, because some agents might have affected more than one reproductive process, physiologic processes do not always correspond directly to outcome variables as measured, and a reverse dose-response relation might be apparent. 9, 10 This paper describes a large retrospective cohort study on a wide range of reproductive disorders among hair dressers in the Netherlands, In this study, we have taken into account potential changes of exposure over time by evaluating two separate time periods, 1986-1988 and 1991-1993.
Methods

P o p u l a t io n
We identified hairdressers and clothing salesclerks through the database of the trade association for service jobs (DETAM: Detailhandel, Ambachten en Huisvrou wen), which keeps information about Dutch workers for a period of 5 years. From this database, we selected 9,000 women who were registered as a hairdresser and 9,000 women who were registered as a salesclerk in a clothing store in 1989 and/or in 1991 and who were of reproduc-tive age (22-35 years) in one or both of the two study periods (1986-1988 and 1991-1993) , Frequency match ing in 5-year age groups ensured comparability on age. We chose salesclerks as referents because of comparabil ity with respect to educational and socioeconomic level and working conditions (for instance, standing and stress), apart from chemical exposures.
D a t a C o l l e c t i o n All 18,000 women were sent a mailing that consisted of an introductory letter and a short, self-administered questionnaire. To increase response rates, two reminders were sent, after 2 and 6 weeks. To avoid selective non response and information bias, the study was presented to the participants as a study on pregnancy and working conditions in general. In the questionnaire, women were asked whether they had ever been pregnant. If so, they were asked questions about time-to-pregnancy and out comes for each pregnancy. In addition, information was gathered on the month and year of conception, the gestational week in which the pregnancy was confirmed, and the gestational age of the outcome. The first day of the last menstrual period was considered the start of each pregnancy. Women who had never been pregnant were asked whether they had tried to become pregnant and for how many months they had been trying. To check the registered occupation, we gathered information on the actual occupation during pregnancy and the number of hours worked during the first 2 months of pregnancy. W ith regard to potential confounding factors, a few questions were asked on age at conception and educa tional level.
S t u d y P e r i o d s
Based on the date of conception, we assigned pregnan cies to the first study period when conceived between January 1, 1986, and October 31, 1988, and to the second study period when conceived between January 1, 1991, and October 31, 1993. We defined prolonged time-to-pregnancy as a time-topregnancy of more than 12 months. To present consis tent data with regard to job information and period definition, we included only a time-to-pregnancy that actually led to a pregnancy in one of the defined study periods in the analyses. We defined spontaneous abor tions as miscarriages that occurred before the 20th week of pregnancy. We excluded reported spontaneous abor tions resulting from ectopic pregnancies and molar preg nancies from the spontaneous abortion effect parameter. We included only pregnancies confirmed by a pregnancy test or a doctor before the pregnancy failure or, for livebirths, before the 20th week of pregnancy (99% of all pregnancies).
W e defined low birthweight as a birthweight less than or equal to 2,500 gm. As birthweight largely depends on gestational age and we are interested in determinants of fetal growth, we adjusted for gestational age in the analyses of birthweight. We defined a preterm birth as a livebirth before 37 weeks of gestation (counted from the first day of the last menstrual period).
We classified major structural congenital malforma tions among livebirths using the International Classifica tion of Diseases, 9th revision-British Paediatric Associa tion System.11 Many reported malformations could not be classified into major or minor malformations owing to insufficient information. Therefore, we restricted the analyses to major structural malformations that could be classified definitely. Moreover, we excluded major mal formations with a known genetic or chromosomal cause (Down syndrome, von Willebrand's disease, WerdnigHoffmann disease, and Turner syndrome).
A n a l y s e s We analyzed the data separately for each study period, We included only pregnancies in which a woman re portedly had worked at least 10 hours per week as a hairdresser or a salesclerk during the first 2 months of pregnancy. We calculated crude relative risks for each specific outcome using all pregnancies of a woman in the study period. To address the problem of correlated out comes through multiple pregnancies per woman, we used the logistic binomial model for distinguishable data, one of the random effect models available in the statistical program EGRET. 12 We compared the distribution of educational level, age at conception, and gravidity be tween hairdressers and referents, Although only slight differences were found, we included these covariates in the random effect model for each outcome, If the ad justed odds ratio differed less than 10% from the crude odds ratio, we present the crude results.13
Results
Response rates were 72% and 66% for hairdressers and salesclerks, respectively (Table 1) . Approximately 4% of the questionnaires were returned because of incorrect addresses. Of the women who returned the question naire, 3,358 (54%) hairdressers and 2,796 (49%) sales clerks had been pregnant at least once, leading to 6,012 and 5,024 pregnancies, respectively. Most of the women registered as a hairdresser actually worked as a hair dresser during pregnancy (70%). Only 58% of women registered as salesclerks, however, actually worked in this occupation while pregnant. The percentage of women who did not work during pregnancy was 22% among hairdressers and 26% among salesclerks. The remaining women worked in another occupation during pregnancy. The proportion of conceptions in the first and second study periods was comparable between hairdressers and salesclerks.
In the first study period, hairdressers worked at least 10 hours per week in 460 pregnancies and salesclerks in 277 pregnancies. We included these pregnancies in the subsequent analyses. In the second study period, 1,394 pregnancies of hairdressers and 1,055 pregnancies of the random effect model, but we found no difference of more than 10% between crude and adjusted odds ratios. Therefore, we present crude effect measures. As the relative risks calcu lated from the random effect models did not differ much from the odds ra tios, we present only the odds ratios. Time-to-pregnancy data were available for 663 (90%) and 2,298 (95%) pregnancies conceived in the first and the second study period, respectively. In both study periods, 50% of the women conceived within 3 months, and 95% conceived within 24 months. salesclerks were included. Among these women, the median number of hours worked per week was 32 in both periods and occupational groups.
In the first study period, 569 (88%) women had ex perienced one pregnancy, 75 (12%) women had two pregnancies, and 6(1% ) women had three pregnancies. The second study period included 1,897 (88%) women with one pregnancy, 224 (10%) women with two preg nancies, and 33 (2%) women with three or more pregnancies.
The distributions of covariates over occupational groups and study periods are presented in Table 2 , Based on the Dutch school system, women were divided into low and high educational levels, corresponding to 10 or fewer years or more than 10 years of education, respec tively. In both study periods, the distributions of educa tional level were nearly equally balanced among hair dressers and salesclerks. Maternal age at conception and gravidity were comparable between hairdressers and salesclerks within each study period. In the first period, however, women were younger at conception and had more first pregnancies compared with the second period. For each outcome, we included these three covariates in Table 3 shows that in the first study period, hairdressers had an increased risk of time-to-pregnancy of more than 12 months (OR1986"I988 = 1.5; 95% Cl = 0.8-2.8). The correspond ing odds ratio was lower in the second study period ( O R^^^ = 1.2; 95% Cl = 0.8-1.6). We found an increased odds ratio for spontaneous abortion among hairdressers who conceived in the first study period (OR = 1.6; 95% Cl = 1.0" 2.4), but not for hairdressers who conceived in the second study period (OR = 0.9; 95% Cl = 0.7-1.1).
We restricted analyses of low birthweight, prema turity, and congenital malformations to livebirths (^1986-1988 ^ 575 and N i99i_i993 " 2,056). In both study periods, gender of the child was almost equally distributed among hairdressers and salesclerks. As shown in Table 4 , we found an increased odds ratio for low birthweight adjusted for gestational age in the first study period (OR = 1.5; 95% Cl = 0.7-3.1), which was less pronounced in the second study period (ORi99M993 = 1.2 ; 95% CI -0.8-1.9). We saw no increased odds ratios for prematurity. In the analyses of congenital malformations, we excluded three chro mosomal defects and two genetic defects, all of which occurred in the second study period (Table 4) . Be cause the number of any specific ma jor malformation was small (less ___ ____ _ _ than 10), we analyzed major malfor mations as one group. In both study periods, more major malformations occurred among children of hair dressers, but confidence intervals were wide (OR1986_19a8 = 1.6; 95% Cl = 0.3-8.4; O R1991_1993 -1.9; 95% Cl = 0.5-6.9). The major malforma tions in the second study period were mainly limb malformations (15 among hairdressers ws 6 among sales clerks).
1991-1993
* Pregnancies in which the woman worked more than 10 hours per week.
D iscussion
Based on literature and personal com munication from manufacturers, we hypothesized that effects on reproduc- tive disorders among hairdressers were greater in the earlier years. For pregnancies conceived in 1986-1988, we indeed found increased risks of spontaneous abortion, prolonged time-to-pregnancy, and low-birthweight in fants among hairdressers. Among hairdressers who worked in 1991-1993, we did not find comparably in creased risks of these adverse outcomes. The risks found for major congenital malformations were increased but compatible with chance in both periods.
Concern among hairdressers about their occupational risks could lead to reports of more adverse outcomes among hairdressers or higher response rates. This possibility would artificially inflate the effect estimates of a study. To prevent this problem, our study was presented as a study on pregnancy and working conditions in general, including physical workload and stress at the work place. Date of response might be an indicator for the level of concern among responders. If this were the case, the highest relative risks would be expected among early responders. As studies on spontaneous abortions are known to be vulnerable to selection bias, we calcu lated the odds ratios for this outcome stratified by date of response. The odds ratios for the first study period were 1.3 (95% Cl = 0.7-2.3) and 2.0 (95% Cl = 1.0-4.0) for hairdressers who responded before and after the first reminder, respectively. In the second study period, we found little difference in odds ratios (RRhef«.* ut reminder = 0.9; 95% Cl = 0.7-1.3; RRafter ht reminder = 0.8; 95% Cl = 0.5-1.2). These results do not indicate selective aware ness among hairdressers who experienced a spontaneous abortion.
As the trade association DETAM preserves their data for 5 years, for the earlier study period only women who were registered at the end of the study period (1989) could be selected. It appeared that fewer women of reproductive age were registered in this period compared with the second study period, Through selection at the end of the period, we might have missed women who had stopped working, possibly because, of having liveborn children. As the procedure was similar for hair" dressers and salesclerks, and we only used working women in the analyses, selection bias through the infer tile worker effect14,15 cannot have accounted for the increased risks found for spontaneous abortion and pro longed time-to-pregnancy in the first study period.
We used self-reported job title as a proxy for exposure. No information was available on specific tasks per formed or on actual exposure. In the analyses, we in cluded only women who reported having worked more than 10 hours per week as a hairdresser or a salesclerk during pregnancy. The number of hours worked was comparable for both occupational groups and both study periods (average = approximately 30 hours per week). We did not restrict the analyses to full-time workers, as a recent work place exposure assessment study has shown higher exposure levels on weekends and on shop ping nights, which are the hours that most part-timers work.16 Additional analyses among women who had worked more than 25 hours per week showed somewhat lower odds ratios for prolonged time-to-pregnancy (OR = 1.1; 95% Cl = 0.6-2,1) and spontaneous abor tion (OR = 1.3; 95% Cl = 0.8 -2.3) in the first study period and higher odds ratios for time-to-pregnancy (OR = 1.5; 95% C l = 1.0-2,3), low birthweight (OR = 1.5; 95% CI = 0.9-2.6), and prematurity (OR = 1*6; 95% Cl = 0.6-4.2) in the second study period. For the other outcomes, results hardly changed when the anal yses were restricted to women who worked more than 25 hours per week. These findings do not strengthen our hypothesis of chemical agents causing adverse reproduc tive outcomes among hairdressers, but they are still compatible with this hypothesis, because part-time workers do not necessarily have lower exposure than full-time workers, as was shown by the above-mentioned exposure assessment study.
With respect to the quality of retrospective selfreported data on reproductive outcomes that occurred 2-9 years previously, it has been reported that time-topregnancy, birthweight, and gestational age are reported quite accurately.17 Underreporting of spontaneous abor tions is a well known problem. Therefore, we restricted analyses to those pregnancies that had been con firmed.9,18 With regard to malformations, we used only major malformations in the analyses, because these are believed to be reported more accurately than minor malformations. 19 The time-to-pregnancy data in our study are compa rable with those found in other studies. In our analyses, 11% tried to conceive for at least 12 months, compared with 10-20% in other studies. 17> 20 Unfortunately, we had to exclude women without pregnancies from the analyses, because self-reported job title was only avail able for women with pregnancies. Among the women registered as hairdressers and salesclerks without preg nancies, 239 (9%) and 263 (10%), respectively, were trying to conceive without having achieved pregnancy when they completed the questionnaire. These compa rable percentages indicate that little or no bias was introduced by excluding the women without pregnan cies. The results with regard to time-to-pregnancy may not be comparable with other outcomes regarding expo sure period definition. Part of the time-to-pregnancy may fall before the defined study period, which could lead to overlap. Nevertheless, because 95% of the preg nancies occurred within 24 months, and there was a contrast of 2 years between the defined study periods, overlap is minimal.
Although we restricted the analyses of spontaneous abortions to confirmed pregnancies, the gestational age at which a pregnancy was recognized might have affected the reporting of a spontaneous abortion. The gestational week of pregnancy when tests were performed, however, was comparable for hairdressers and salesclerks in both periods: 75% of the pregnancies were confirmed before the 7 th week, and 90% before the 10th week.
Limited information was available on potential confounders. We chose salesclerks as the reference group because of presumed comparability concerning educational level, socio economic status, and physical and psychological workload, Although educational level and age were comparable, we cannot rule out possible confounding from other factors such as physical workload, life-style factors such as alcohol con sumption, smoking habits, use of medication, and paternal exposure. We did not control for reproductive history, such as previous spontaneous abortion, because this history may be related to the exposure under study, and controlling for such a variable can bias the results. 21 The presented covariates did not differ much between the occupational groups widiin a study period, but some differences existed between the study periods, especially with regard to age at conception. In the first study period, 51% of women were younger than 25 years at conception, compared with 19% in die second study period. Stratification by age (^25 years/>25 years) indicated, how ever, that these age differences could not account for the differences in odds ratios found between the two study periods.
With regard to most outcomes studied, the results of the random effect models (ORrem) hardly differed from the results when correlated outcomes were not ac counted for (ORcrilde). Largest differences were found for prematurity in the first study period (ORcrude = 0,8; 95% Cl -0*4-1.4 ORrem = 0.5; 95% Cl = 0.7-3.1) and major malformations in the second study period (ORcrilde -1.7; 95% Cl = 0.8-3.9 vs ORrem = 1.9; 95% Cl = 0.5-6.9), Our results are in accordance with findings in other studies. John et aP also found an increased risk of spon taneous abortions among cosmetologists, using pregnan cies from the period 1983-1988. They found increased risks, however, only among cosmetologists who worked more than 35 hours per week. Blatter and Zielhuis2 described an increased risk of menstrual disorders, Fur thermore, some components of hairdressers' products have been associated with reproductive disorders. For example, the use of solvents has been associated with reduced fertility,20,22 spontaneous abortions,22,23 and con genital malformations. 24, 25 We chose the study periods based on restrictions on the use of dichloromethane and some dye formulations in 1990, as well as potential changes in working condi tions such as ventilation and the use of gloves. With regard to spontaneous abortions, time-to-pregnancy, and low birthweight, the results support the hypothesis of decreasing risks in recent years,
